Seizure-induced neuronal necrosis: implications for programmed cell death mechanisms.
To determine definitively the morphology of neuronal death from lithium-pilocarpine (LPC)-and kainic acid (KA)-induced status epilepticus (SE), and to correlate this with markers of DNA fragmentation that have been associated with cellular apoptosis. Endogenous glutamate release is probably responsible for neuronal death in both seizure models, because neuronal death in both is N-methyl-D-aspartate receptor-mediated. SE was induced for 3 hours in adult male Wistar rats with either LPC or KA, and 24 or 72 hours later the rats were killed. One group of rats had brain sections, stained with hematoxylin and eosin and the terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) technique, examined by light microscopy and by electron microscopy. A separate group of rats had DNA extracted from the same brain regions examined by electron microscopy in the first group. The extracted DNA was electrophoresed on an agarose gel with ethidium bromide and was examined for the presence or absence of internucleosomal DNA cleavage (DNA "laddering"). Twenty-four and 72 hours after 3 hours of LPC- or KA-induced SE, neuronal death in the hippocampus, amygdala, and piriform, entorhinal, and frontal cortices was morphologically necrotic, in spite of DNA laddering in these regions 24 and 72 hours after SE and positive TUNEL staining in some of the regions 72 hours after SE. Ultrastructurally, necrotic neurons were dark and shrunken, with cytoplasmic vacuoles and pyknotic nuclei with small, irregular, dispersed chromatin clumps. Our results, together with those of other reports, suggest that programmed cell death-promoting mechanisms are activated by SE in neurons that become necrotic rather than apoptotic and point to the possibility that such mechanisms may contribute to SE-induced neuronal necrosis.